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0 Magnetic dipole moment of charm baryons
@ Introduction
@ Principals of measurement
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A} magnetic dipole moment measurement

Wy
Wy
Il

Qi

/jg:

N |0

3o
N

Particle | g-factor
electron | —2.002 319 304 361 82(52)
muon —2.002 331 84 18(13)
neutron | —3.826 085 45(90) @ |g| %2 — a composite structure
proton | +5.585 694 702(17) 0z (/\C+(U7 d, c)) ~ ge
S+ | 42.458(10)

@ |g|~2 — a point-like (Dirac particle)

® g.=2 — g(A)=180-205

not measured for charmed, beauty baryons

How? Induce the precession of the polarization vector by the strong magnetic field
Problem: ¢ 7(A}) ~ 60 pm — far too short for measuring

Solution: conventional B replaced by bent crystal

V.G. Baryshevsky, Pis'ma Zh. Tekh. Fiz., 5 (1979)
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Precession of magnetic dipole moment: principals of measurement

&=¢(1,0,0)

rotation axis gf _ f(COS @W 0, sin @M)

Angular distribution of decay products:
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« # 0 — keep polarization at the decay Cos(0)
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Precession of magnetic dipole moment: angular analysis

Ag— L 12 |€] — polarization
g - 05_] |§| e (b t dEt f aNtar+crys 2 dE (D _ proton ﬂux

t — data taking time

@ Decay channel dependent @ Crystal dependent
o — weak-decay parameter © — deflection angle
[;/T = branching fraction BN%% — normalized spectra

()

1) — detection efficiency of deflected particles

(per incident proton)
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A} magnetic dipole moment measurement: Exp. setup

This double crystal scheme is now under study with a 2 years program by UA9 at SPS.

Beam core ———

Halo Q::::\\\\\
I .,
Tungsten__»—* - \Te Prog
Target <\ - Ons
Crystal 1 /
150 prad Crystal 2 ‘ZX
15 mrad

AF - A(1232)H (prt)K LHCbD
N —++—

EOI (CERN 2016): L. Burmistrov et al., Tech. Rep. CERN-SPSC-2016-030. SPSC-EOI-012;
Physics Beyond Colliders Kickoff Workshop (CERN 2016): A. Stocchi et al.; W. Scandale et al.
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Q Deflection by a bent crystal
@ Planar channeling
o Computational model
@ Phenomenological formula
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Channeling in a bent crystal

Effective potential

Uor(x) = UE(x) foéC J

Critical radius
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Computational model

/_\
Analytical approach Accurate model

A A
L,
ol p N

Binary collision model (scattering on atoms)
@ Most natural way of taking into account the thermal vibration of atoms
@ Deflection angle of particle is calculated on each consequent atom
@ Displacement of nearest atom due to the thermal vibration
is drawn by normal distribution
Aggregate collisions model (scattering on electrons)
@ Multiple scattering with modified radiation length
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Computational model

Binary collision model

Deflection angle of particle on each consequent atom:

. .. 3 . N
AT (F) = 50 Y i B Ko(Bir), AU, = Y AT,(7).
i=1 k=1

Displacement of nearest atom due to the thermal vibration:

2
P(uy) duy = —2 = exp(—525) dux
27 u2 x Lech, €M
Aggregate collisions model 3

Si 128K
Multiple scattering on the electron subsystem

T2 — 136 Moy \/%[Homsm(%’)], 0

. Al
%ol = Ltnez ln(mdp) f ne(l) dl. Forster J S et al.

0 Nucl. Phys. B 318 301 (1989)

Si 293K

T T T T
0 0.1 0.2 E,TeV
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Channeling in a bent crystal: primary vs secondary beams

Primary particle beam

- 6 TeV
dN/oe, eV — 5 TeV
— 4 TeV
0.1 - 3 TeV
- 2 TeV
0.05 - 1 TeV
-ﬁ,._.’l -2 TeV

0 T T T 1 .

0 5 10 15 £, eV T~121~146pum o

Secondary particle beam
@ Primary particle beam

ON/og, eV
- Parallel beam
0.1 - Monochromatic
0.05 @ Secondary particle beam
- Uniform angular distribution
0 - Wide energy distribution
1 L - T T 1
0 5 10 15 ¢ eV - Populated high energy states
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Deflection efficiency: phenomenological formula

— deflected fraction

T)def (57 R, L) = Tlang Tlch (]- - ndech) J of secondary beam

Angular acceptance Dechanneling probability
Tlang = erf (\/E Bace '7) J _ L
ndech(57 R, L) =1—e¢ LdeCh(g’ R)
2 Ut e 1
eacc = — | 1- YT
< R U Dechanneling length
Channeling acceptance Laecn(g, R) = LmaxsL el Fax J
Tlstr
eh (€, R) = baec
nh( ) 1+<€ 1 )2 Lmax:kdechR(%l) o
R UXI ke E€max = R Fdech

Uett, U, Nstrs ko, Kdech, Ro, Pdech, Fdaecn were found for Si, Ge and Ge* crystals
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Spectra of deflected A} produced by 7 TeV protons

Initial spectra (Pythia v8.1)
— credit to Leonid Burmistrov

— p- N collision in a fixed target

— normalized to one produced A} .
1 2 3 4 5 6 £TeV

Spectra after the target | 7oy~ e
== Lar= 2cm
Ligr= 1
8Nta,r 4 Na Acar ON Lear ==L 107 e —_ L‘ - 050':m
= ON, —— e e dL $ o
Oe Miar Os 10°

— normalized to one initial proton

Spectra of deflected A} RN o ke oen
/ AT —si L= 8cm
8N 6N 1, oo 7 /'l \\\ —si L=12cm
tar+crys tar — = Y NN
3 =g et € N
€ € 20000 /
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© Sensitivity study
@ Error of measured g-factor
@ Crystal parameters optimization
@ Data taking time
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Sensitivity study: error of measured g-factor. List of parameters.

Ag = 1 12 |€| - polarization
- o ¢19 ®t det LT aNt“*”ys v? de ® — proton flux

t — data taking time

@ Decay channel dependent @ Crystal dependent
o — weak-decay parameter © — deflection angle
I';/T = branching fraction 78Nt“5;’”ys — normalized spectra

()

1) — detection efficiency of deflected particles

(per incident proton)

Optimization of the crystal parameters
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Sensitivity study: Crystal parameters optimization

Ng— — 1 12
aj |§| e q) t det f aN':aH»Crys 2 dE

@2 /6Ntar+crys 72 de

. . . ti
Relative crystal efficiency: Nrel = 2= Oz
t @2 / al\ltaercrys,O ,72 de
0 Oe
t — data taking time (‘0 indicates the reference crystal)
© — deflection angle
% — normalized spectra of deflected particles (per incident proton)
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Optimal crystal for measuring the MDM of A}

Relative crystal efficiency

ONiartorvs - Ge 80K PRl
" o2 /% ’}/2 de 4F -~ Ge 293K
0 s
Trel = ? = ONears 9 3 s ngl,K __________________
92 / ar+crys, d e
0 66 ry € 2 '/. /’/
L
Optimal Length: L. = 8-11 cm ‘ s 12 Lo o
R, m
Optimal Curvature: 2
Si 203K R=22m ©gy~ 3.6 mrad 2
Ge293K R=15m © ~ 5.3 mrad *
Ge 80K R=13m © ~ 6.2 mrad “

4 8 12 Lerys, cm

Optimal Crystal:
Nrel (Ge)

Trel (Ge)

~ 251l

~ 4.5 Il
Mrel (Si) Nrel (Si)
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Optimal crystal for measuring the MDM of A} at LHCb

Relative crystal efficiency

@2 / aI\Itar-i-crys 72 Hle ’7rel_l_ © =15 mrad
_ b Oe ]
Trel = ? = N 200 -
e% / tar4-crys, 0 ,}/2 dis 100 4
Oe 3 Si 293K
50 3
relative to the reference Si configuration: 20 1
. 10 - Ge 293K
- Si 203K L=8cm Oy~ 3.6 mrad 3
5 Ge 80K
But: 2 I I
@ silicon is more mature technology 8 12 16 L, cm
@ 8 cm is possible (difficulties with longer crystals) work is ongoing

@ Acceptance of “LHCb" ~ 15 mrad

nei (Si)~50-200 7. (Ge)~8-22  n.](Ge)~3-8
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Absolute statistical error of measured g-factor.

Decay channel parameters

Ag — 1 \/ ‘ 12
o;[§]© ot % n((ié)t i —V—BN“”(;;“” 2 de ct(N\) = 8 cm
Weak-decay Branching Detection
Decay channel parameter fraction efficiency
aj /0% i, %
AN —= Npr)m™ —0.91(15) 0.7(2) 0.2
N = Npr) et (i) ve —0.86(04) 1.3(4) 0.2
AF — A(1232)"H(prt) K~ | —0.67(30) 0.9(3)
AP — K'(892)°(K—7+) p —0.55(35) 1.6(5)
A — N1520)(p K~ ) wrF —0.11(60) 0.8(3)
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Absolute statistical error of measured g-factor.

Polarization as a function of transverse momentum.

Ag 1 \/ Y
ll0 \| @t L) [ Wanews 12 ge
P 4]
% 0.6¢ - zF:f:::::: 1-0.75
O 04f A A §
§ o2 A 1-025 §
% 0-0 'T_P/ 000 S
0.25
é 3 pi, GeVic

JiER = - o037
VIER, = - 040(5)

J. G. Korner, et al.
Z. Phys., C2:117, 197

E. M. Aitala et al.
Phys. Lett., B471:449
2000

Fitted exp. data

Gary R. Goldstein.
FNAL, Batavia, lllinoi
p.132-136, 1999.
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Absolute statistical error of measured g-factor

as a function of data taking time

Reference crystal:

1 12
Ag = - Si L=8cm
a; €] © \/ &t ) [ Pesters 2 ge R
= m

Ag A: - A(1232) K-

0.15
Ag =0.1
0.10
| t ~1— 30 days
0.05} -
r t ~ 5 days

0 20 40 60 80 t, days
This proposal is now considered in LHCb and so we use the required parameters
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Absolute statistical error of measured g-factor

as a function of data taking time

Ag = 1 . 12 Ge L=12cm
IO \ ot ol [ P g2 de R—8m
Ag-
0.8 1 Ge L=12cm
061 Ag =03
0.4 t ~ 1 — 40 days
021 B
t ~ 5 days
0 . . . . .
0 20 40 60 80 t, days

Work is going on both UA9 and LHCb
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